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Ray Marks
Effect of exerci e-induced
fatigue on position
sense of the knee
Fatiguing isokinetic quadriceps exercises and
the effect ontheabi Iity of 12 human subjects to
reproduce knee angles was examined. The
experimental and control procedures consisted
of two separate test sessions conducted in
sitting. Positioning was measured with a
potentiometeLAccuracy was estimated by
calculating the mean absolute error (AE)
between five criterion and reproduction angles
and the average directional or constant error
(GE). Results showed a significant increase in
target overshooting between the initial and
final CEmeasurements on Day Two
(experimental session) and Day One (control
session). In contrast, the control group showed
no alteration in intrasession CE test
performance. It is concluded that exercise-
induced contractile fatigue can introduce bias
into the encoding of positional information in a
healthy knee.
[Marks R: Effect of exercise-induced fatigue on
position sense of the knee. Australian Journal
of Physiotherapy 40: 175-181]
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he ability to reproduce joint
angles, known as joint position
sense, is an important
proprioceptive function mediated
partlyby·sensory receptors in joints
(Ferrell eta11987) and partly by
sensory receptors in muscles (Clark et
al 1985, Matthews 1982). In cases of
injury or disease, however, there is an
increasing body ofevidence (Barracket
al1983, Barrett et a11991, Barrett
1991,Skinner et a11984) which
suggests that loss of this proprioceptive
function may account for associated
disturbances of limb function which
lead to degenerative changes in the
long term~Other evidence suggests
that because position sense is
mediated, in part, by muscle (Clark et
al 1985, Matthews 1982),specific
treatment of the muscles surrounding a
9ysfunctional knee might enhance
proprioceptive acuity, thereby
reducing the risk of further functional
disabilityor joint·degeneration
(Skinneret al 1984).
One modality commonly used in the
management of the injuredlmee,
namely exercise, has been cited as
potentially efficacious in this respect
(Hurley and Newham 1993). However,
in one study, high-intensity exercise of
the lower leg produced a marked
impairment of knee position sense
(Skinner etal 1986). These findings
suggested that the application of
strenuous exercises for the routine
treatment of weakened antigravity
lmee extensors in those with knee
dysfunction might prove detrimental
for improving proprioceptive
performance and functional ability.
In a more recent study, however,
exercise-induced fatigUe did not appear
to impairperformance on knee angle
reproduction tests (Marks and
Quinney 1993), indicating that
position sense at the knee might be
relatively unaffected by the
physiological status of the quadriceps
muscle. Nevertheless, results ofother
studies (Gooch and Randle 1983,
Laabs 1973) suggest that by failing to
describe reproduction errors with
respect to sign, subtle alterations in
proprioceptive performance post-
fatigue may go undetected~
Accordingly, the purpose of this
study was to further investigate
whether a single bout of high speed
reciprocal concentric and eccentric
isokinetic cOhtractions of the
quadriceps muscle would alter the
response bias normally associated with
repeated trials ofknee angle
repositioning tasks~ In line with
previous studies on perception before
and after maximal voluntary
contractions (Gooch and Randle 1993,
Laabs 1973), it was hypothesised that a
decline in quadriceps force-generating
capacity might increase the magnitude
of the pre-fatigue directional errors.
Method
Subiects
The sample consisted of 12
experimentally naive healthy sedentary
women, ranging in age from 18 to 30
years,·who were randomly assigned to
an experimental or control group.
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Excluded were those with evidence of
neuromusculoskeletal disorders,
cardiac symptoms and those on
medication. All volunteers were
recruited from the same academic
environment and all attended one
familiarisation and two test sessions,
spaced approximately one week apart.
The study protocol was approved by
a University Ethics Committee and
informed consent was obtained from
all subjects.
Preparatory procedures
The subjects were seated barefoot on
an exercise chair with back support,
hips angled at 80 degrees and passive
pelvic stabilisation using a strap. To
record the knee angles electronically,
the lever arm axis of a KIN-COM
robotic dynamometer (Chattecx Corp.,
Chattanooga) was aligned with the
lateral epicondyle of the lmee of the
dominant lower extremity and coupled
comfortably but firmly to the patient
by a pad placed just proximal to the
medial malleolus. After adjustments
were made, the distance from the pad
to the axis of rotation of the lever arm
as well as the location of the back
support were recorded to facilitate test
standardisation.
Test procedures
At the start of the experiment, subjects
folded their arms across their chests
and closed their eyes to eliminate
visual cues (Colley and Colley 1981).
They then were instructed to actively
extend the test leg at a slow steady rate
of approximately 10 degrees per
second from a start angle of 90 degrees
to a random angle determined by the
investigator in the ranges of75 to 45
degrees flexion. They maintained this
set or criterion position for four to five
seconds while the angle was recorded
from the KIN-COM screen. The leg
was then moved passively by the
investigator at approximately 10
degrees per second within 1 to 5
degrees of the original angle to guard
against the use of distance cues in
repositioning the leg (Grundy 1975).
Subjects then tried to reproduce the
criterion angle at their preferred speed.
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conditions and their multiple
comparisons were based on F-tests
analysed with SPSSX (SPSS Inc. 1990)
analysis of variance (ANOVA) using
one way procedures. To more clearly
establish whether reproduction
accuracy was differentially affected by
the passive and active test conditions,
the intersession mean reproduction
error differential of both groups was
tested for significance using paired t-
tests. Pearson correlations were used to
examine the relationship between the
post-contraction test score differentials
and the decrement in quadriceps
contractile force of the test leg.
Significance was set at p::=;0.05.
Results
On completion, the leg was again held
in this position for four to five seconds
while the reproduction angle was
recorded. The same sequence of events
was repeated four additional times,
each subsequent trial involving a
different criterion angle to eliminate
location as a sensory cue. After a five
minute rest period to counteract
fatigue, subjects repeated the five trials.
The method of measuring joint
position sense was identical for both
sessions. However, at session two,
experimental subjects had their
position sense measured before and
after performing 20 reciprocal maximal
concentric and eccentric isokinetic
quadriceps contractions through a
range of 60 degrees (ie from 70
degrees to 10 degrees) without pause at
an angular velocity of 180 degrees per
second.
The KIN-COM was chosen for
measuring the knee angles because this
instrument has been shown to be
reliable for measuring angular
deflection with a small technological
error (Marks 1994). The test range was
chosen because previous work has
shown position sense is more accurate
in mid range (Barrack et al 1989). The
fatigue protocol was selected on the
basis of a literature review and pilot
work which demonstrated the inability
of a similar sample to maintain torque
output at a constant level at the end of
20 high-speed reciprocal concentric
and eccentric quadriceps contractions.
The time of day for each session was
within four hours of the time of day for
the previous session and environmental
conditions were similar. The same
examiner tested all subjects and all
received comparable and consistent
test instructions.
Data reduction and analysis
The criterion and reproduction angles
for each trial were recorded direcdy
from the KIN-COM screen. From
these records, the algebraic difference,
in degrees, between the predicted
endpoint, and the endpoint of each
. reproduction movement was calculated
ignoring the direction of error as well
as including the directional error. The
mean of the unsigned errors or the
mean absolute error (AE) and the
average directional or constant error
(CE) of five trials were the criterion
variables.
Average torque for the first and last
three concentric and eccentric
quadriceps contractions and work
output in]oules 0) were recorded by
an editing programme provided by the
KIN-COM manufacturer. A fatigue
index for concentric and eccentric
quadriceps fatigue based on these data
was calculated according to Gray and
Chandler (1989).
Differences in reproduction error
between control and post-contraction
Shown in Table 1 are the directional
algebraic errors recorded across trials,
tests and sessions for the six
experimental and six control subjects.
As shown, the experimental group
produced 18 positive, 11 negative and
1 correct response post-exercise, while
the control group produced 8 positive,
18 negative and 4 correct responses.
As illustrated in Figures 1 and 2,
there was a small but consistent
improvement in knee positioning
accuracy following an interpolated
practice period. Despite comparable
baseline scores at Session Two,
however, there was a consistent decline
in positioning accuracy following the
interpolated bout of exercises.
Although not significant for the
analysis of the differential in mean AE
(t(5)=-0.69, p=O.516), the post-
contraction differential in mean CE
(t(5)=-3.86, p=O.OI2) increased
significantly (see Figure 3). This was in
contrast with the results of the control
group which showed no difference in
intrasession mean CE values (t(5)=-0.09,
p=0.934).
Table 2 describes the means and
standard deviations (SD) of absolute
work, the concentric and eccentric
fatigue indices and the angular
differences in mean AE and CE
betvveen the fatigue and non-fatigue
test situations of the experimental
group. Although test accuracy as
Figure 1.
Comparisons of mean absolute error (AE) for six experimental subjects across tests and
sessions. Mean and standard deviations.
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indicated by the mean AE was reduced
after the exercise bout (see Figure 1),
there was no relationship between the
magnitude of the post-exercise mean
AE differential error scores and the
eccentric fatigue index (r=-0.3 0;
p=O.558). There was however, a
significant correlation between the
average post-contraction eE
differential error scores of the
experimental group and the eccentric
fatigue index (r=O.83;p=O.037) (see
Figure 4).
Discussion
In the present study, an attempt was
made to examine the influence of a
single bout of fatigue-inducing
quadriceps contractions on the joint
positional sense of the knee in healthy
women. To simulate the elastic and
reactive properties of the quadriceps
musculature that might underlie knee
proprioception when tested using the
same piece of apparatus, the fatigue
protocol employed both eccentric and
concentric contractions. The exercises
were performed dynamically at high
speed with no pause to maximise firing
of the Type la muscle spindle afferents
thought to mediate position sense.
To include sensory input froin the
muscle spindles, active knee movement
was used as the sensory cue for the
reproduction tests and all tests were
performed in the intermediate ranges
of knee joint flexion where muscle
sensory receptors are thought to
predominate (Clark et al 1979). It was
anticipated that a single bout of
fatigue-inducing quadriceps exercises
might significantly alter knee muscle
sensory receptor discharge, thereby
impairing the encoding of actively
derived positional information to the
central nervous system.
The quadriceps muscle was examined
since Eklund (1972) has shown
definitive evidence that quadriceps
muscle receptors are used to judge
knee position sense. The velocity for
the isokinetic endurance test was
chosen to induce the onset of muscle
fatigue associated with lactate




To eliminate the recovery process
from confounding the interpretation of
the study results, there was no time-lag
between exercise completion and the
analysis of joint position sense. Several
different error measurements were
used to assess outcome because the
most popular measure of position
sense, namely the mean AE, may mask
differential changes in related measures
of mean CE or variable error (VE)
(Laabs 1973).
As shown graphically in Figures 1 and
2 and confirmed statistically, the
magnitude of the recorded error for
the initial tests under control and
experimental conditions for the
experimental group was comparable,
irrespective of variable analysed.
However, despite a marginal
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movement of the magnitude of the
response errors in a negative direction
over time for the unfilled interpolated
rest period, this trend was reversed
following the exercise protocol.
These data, plus findings of a greater
post-contraction differential in mean
eE for the experimental group
(p<O.05) as shown in Figure 3, suggest
that while practice followed by a 5
minute rest period can produce
remarkably uniform or even slightly
improved test scores, a single bout of
interpolated exercises may undermine
the proficiency of this task. This was in
agreement with the study hypothesis
and concurred with results of motor
short-term memory studies of a shift in
CE from less positive to more positive
for filled retention intervals (Laabs
1973).
Figure 2. .
Comparisons of average constant error (eE) for six expe~'imental subJects across tests
and sessions. Mean and standard deviations.
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Likewise, Skinner et al (1986)
reported that the postural sensation of
the knee was reduced after intensive
muscle activity. The decline in
positional sense awareness was. .
attributed primarily to a reductIon In
the sensitivity of the muscle spindle.
The present findings of a strong
positive correlation between the
eccentric fatigue index and the mean
post-contraction differential in CE also
suggests the possibility that ~ee .
position sense in healthy subJect~ ~s
dependent, in part, on the prevaIlIng
status of muscle spindle afferents.
However, the present results do not
preclude the possibility that the ability
to integrate and coordinate
neurosensory feedback in repositioning
tasks might be highly dependent upon
central factors (Enoka and Stuart
1992). In this sense, it is conceivable
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that the present post-exercise net
increase in average CE may have been
caused by altered central drive or
reactive inhibition as a result of
discomfort due to increased
intracellular acidosis or exhaustion due
to glycogen depletion (Vollestad and
Sejersted 1988).
Other possible causes for a decline in
position sensitivity post-fatigue may
be: activation of different muscles and
their spindle receptors; activation of
inhibitory afferents from
chemosensitive group III and IV fibres
and or/presynaptic inhibition which
changes the discharge frequency of the
alpha motoneurones and their
recruitment during stretch (Balestra et
al 1992). A post-fatigue decline in
fusimotor-driven feedback due to
group III and IV non-spindle muscle
afferent inputs might also contribute to
sensitivity changes of large-diameter
proprioceptive afferents and their
spinal reflex efficacy (Enoka and Stuart
1992).
An increase in average CE post-
exercise, indicating increased target
overshooting, might also be
attributable to a postcontraction
potentiation of la afferents of the
stretch reflex (Gooch and Randle
1993). This could occur if muscle
temperature is raised by exercise since
this would distinctly raise outflow via
la afferents (Mense 1978). According
to Hutton and Atwater (1992)
potential errors in force regulation due
to stretch perturbations imposed by
environmental demands may be
increased in the absence of visual
feedback. A positive CE may also
reflect effects of a transiently
potentiated stretch reflex summating
with a learned motor command.
In a study examining the trend in
position sense error over two tests and
three sessions, Marks (1993) found
steady improvements in knee position
sense in healthy cohorts as indicated by
their lower final performance scores at
each session using a similar protocol.
With no evidence to suggest that test
performance was influenced by
permanent physiological changes in
the muscle fibres, the performance
improvements were attributed to a .
warming-up effect as well as changes In
the excitatory state of the central
system due to learning. Similarly,
though not statistically significant,
Clark et al (1979) reported improved
knee position sense with practice as
indicated by smaller standard
deviations of the knee angle error
scores recorded with subsequent
matching tests for five healthy subjects.
In contrast, in line with observations
ofMarks and Quinney (1993), the
present findings of an increased net
directional error in positioning
inaccuracy post-exercise suggest the
amount of learning on a novel task
might be compromised to some extent
by an intervening period of fatiguing
muscle contractions. This would be
congruent with the findings ofVVhitley
and Elliott (1968), who observed a
Figure 3.
fntersession comparison. of average constant error (GE) differential between
experimental group (n=6) and control group (n=6). Mean and standard deviation.
(*~ignificant differences exist between experimental and control session p<O.05)
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strong learning component for
repetitive maximal static tasks,
provided that inhibitory effects of
fatigue were minimised4 They would
also support the findings of Alderman
(1965) who observed impaired
accuracy in neuromotor coordination
tasks after local work of the associated
muscles.
Such findings raise a question of the
suitability of high-intensity isokinetic
exercises for quadriceps strengthening
in cases of knee joint damage if proper
exercise/rest periods are not carefully
defined even though this mode of
resistance is that which is most widely
used for the rehabilitation of
orthopaedic injuries (Douris 1993). In
particular, fatiguing quadriceps
exercises applied to an injured knee
could magnify any prevailing problem
of poor proprioception and abnormal
reflex activity (Beard et a11993) and
impair motor learning and thereby
motor behaviours which require fine
accuracy (Hutton and Atwater 1992).
Alternately, it is entirely possible that
those with proprioceptive deficits and
joint derangement may attain more
proficiency in complex motor tasks
simply by practising appropriate task-
associated proprioceptive skills in an
orderly manner once pain and spasm
are relieved, a premise supported by
Hutton and Atwater (1992) and by the
clinical experiments of Austin and
Ausubel (1992) and Bullock-Saxton et
aI (1993).
Further controlled smdies of how
patients with poor knee proprioception
respond to high-intensity exercise or
non-exercise test situations would,
however, be needed to confirm this
hypothesis and to clarify possible
future clinical applications. Possible
mechanisms to explain the effects of
exercise-induced fatigue on knee
position sense also await further study
using a larger sample, integrated
electromyography (EMG) and spectral
analysis on the EMG waveform,
nllcroneurographictechniques
(indirect recordings of fusimotor drive
by monitoring spindle afferent activity




Within the limitations imposed by the
present study, analysis of the data
seems to suggest that unless controlled
for, subtle fatigue-related exercise-
induced proprioceptive deficits of
peripheral and/or central origin may
occur even in healthy persons
following repetitive exercises which
include eccentric muscle work. In
contrast, it appears that non-fatiguing
repetition of a novel motor task may
improve performance on this task even
in a healthy person. Further study of
the effects of exercise on the recovery
of patients with impaired position
sense could prove fruitful.
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